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14 use of a compound with an ionization potential at 
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or aromatic ring and is a compound connected to at least 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] The present invention generally relates to an organic light-emitting devices, and more particularly to an im- 
provement in phosphorescent organic light-emitting devices. 

10 2. Description of the Related Art 

[0002] Organic light- emitting devices have received attention for use in the next generation of flat panel displays. 
The use of organic light-emitting devices enables the realization of a full-color display of high resolution having char- 
acteristics such as driving at low voltage direct current, wide viewing angle, self emission, and the like. To this end, it 

is is necessary to further improve the efficiency of emission of organic light-emitting devices. 

[0003] Conventional organic light-emitting devices emit light mainly through fluorescence. In such devices, electrons 
and holes are injected from electrodes, they travel toward their opposite electrodes, and they then re-combined in an 
emission layer in a certain ratio to produce excitons. When the excited state of the exciton returns to its ground state, 
light is generated. While there are two excited states, a singlet excited state wherein the spin directions of a pair of 

20 electrons are opposite and a triplet excited state in which groups of two electrons have the same electron spin direction, 
only the singlet excited state contributes to the above-described fluorescent emission. Because the production ratio 
of the singlet excited state to the triplet excited state may be one to three on the basis of inference by simple quantum 
mechanics, the maximum value of interna! quantum efficiency for the organic light-emitting device using fluorescence 
is 25%. That is to say, 75% of excited state energy does not contribute to light emission. Further the index of refraction 

25 (n) of an organic material used for the organic light-emitting device is approximately from 1 .6 to 1 .7 and the external 
emission efficiency (ri ex t) is = 1/(2n 2 ) and 0.2, that is, a maximum of about 20% based upon the reflection and 
refraction law of classical optics. Accordingly., the external quantum efficiency for the organic light-emitting device using 
fluorescence is 25 % x 20% and estimated to be about 5% at the most. 

[0004] It is therefore preferable to take advantage of light emission from the triplet excited state which accounts for 
30 75% of excited state phosphorescence in order to increase the external quantum efficiency. If such utilization is made 
possible, the external quantum efficiency can be increased to up to 20%. To this end, an organic light-emitting device 
taking advantage of phosphorescence by the use of an iridium complex as an dopant has been proposed as described 
in, for example, M. A. Baldo, S . Lamansky, P. E. Burrows, M. E. Thompson, S. R. Forrest, Appl. Phys. Lett. 75(1999) 
4., "Very high -efficiency green organic light- emitting devices based on electrophosphorescence". According to the 
35 structure of such organic light-emitting device, a result has been obtained wherein the external quantum efficiency 
exceeds 5%. 

[0005] Fig. 1 is a diagram useful in explaining the principle of light emission of the above-described organic light- 
emitting device taking advantage of phosphorescence by the use of an iridium complex as a dopant. In Fig. 1 , a host 
material doped with an iridium complex is first excited by re-combination of an electron with a hole. In this case, the 

40 singlet excited state is 25% and the triplet excited state is 75% as described above. Next, the excited state of the host 
material transfers to an iridium complex as a dopant, and the singlet excited state and the triplet excited state are 
generated, respectively. The singlet excited state of the iridium complex transfers further to the triplet excited state 
and, finally, the whole tight emission is phosphorescence emission from the triplet excited state. Thereby, all energy 
of the excited state generated can be used as energy for light emission. 

45 [0006] However, because the light emission efficiency of the above-described conventional organic light-emitting 
device taking advantage of phosphorescence does not yet reached 20%, which is the theoretical limit of light emission 
efficiency, it is necessary to further improve the light emission efficiency. 

[0007] Further, as a host material doped with the above-described indium complex, 4, 4' -N, N'-dicarbazole-biphenyl, 
C B P has, for example, been used. However, because this host material is poor in heat-resistance, there has been a 
so problem that it can not be used in high temperature settings, such as within an automobile. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view of the above-described conventional problem and an object of 
55 the present invention is to provide an organic light-emitting device having high light emission efficiency and high heat 
resistance. 

[0009] According to the present invention, there is provided an organic light-emitting device comprising a plurality of 
organic layers in which an organic material constituting at least one of the organic layers has structural formula iilus- 
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trated below; 



5 



10 




X= 0, N, S 
Y=C, N 



* wherein it may form ring structures between R1 and R2 and/or between R3 and R4 and/or between R2 and R3, 
or at least one of R 1 , R 4 and R 5 is a nitrogen or aromatic ring and is a compound connected to at ieast one more 
skeleton through said at least nitrogen or aromatic ring, or at least one of R 1( R 4 and R 5 is a nitrogen or aromatic 
15 ring and is a compound connected to at ieast one more skeleton through said at least nitrogen or aromatic ring 

and alieyciic compound. 

and has a glass transition temperature of 100 °C or above. 

[0010] Further according to the present invention, in the above-described organic light-emitting devices, the organic 
20 layers comprise a hole transporting layer and an electron transporting layer, and a phosphorescent molecule is doped 
into a host material of either said hole transporting layer or said electron transporting layer to be applied for a light 
emitting layer. 

[0011] According to the present invention, in the above-described organic light-emitting devices, a host material 
constituting the hole transporting layer may be a compound of the carbazole family. 
25 [0012] According to the present invention, in the above-described organic light-emitting devices, the compound of 
the carbazole family may include a compound having the structural formulae illustrated below; 
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55 , wherein R is H, or hydrocarbons, or fluorocarbons. 

[0013] Further according to the present invention, the above-described organic light-emitting devices, an organic 
compound having two or more of aromatic tertiary amine units may be used for the hole transporting layer and an 
organic compound having two or more of imidazole compound units is used for the electron transporting layer, and the 
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phosphorescent molecule is doped Into said host material of said hole transporting layer to be applied for the light 
emitting layer. 

[0014] According to each configuration of the present invention described above, because the glass transition tem- 
perature of the organic material is 1 00 °C and above, it is possible to increase the heat-resistance of the organic Jight- 
5 emitting device. 

[0015] According to the present invention, the above-described organic light-emitting devices may also include, on 
the side of an anode of the hole transporting layer, an area which is not doped with the phosphorescent molecule. 
[0016] Also according to the present invention, in the above- described organic light-emitting devices, the thickness 
of the part which is not doped with the phosphorescent molecule in the hole transporting layer may be at least 1 0 nm 

10 from the anode and a thickness of the layer doped with the phosphorescent molecule in the hoie transporting layer 
may be 50 nm or less from an interface between the electron transporting layer and the doped layer. 
[0017] With each configuration described above, it is possible to prevent an exciton generated in the light emitting 
layer from being absorbed in the anode, and, because an ionization potential of the electron transporting layer is large, 
a hole can be blocked to increase the light emission efficiency of the organic light-emitting device. 

15 [0018] Still further according to the present invention, in the above-described organic light-emitting devices, a host 
material constituting the electron transporting layer may be one selected from the group consisting of a compound of 
triazole family, a compound of imidazole family, and a compound of oxadiazole family. 

[0019] Also according to the present invention, in the above-described organic light-emitting devices, the compound 
of triazole family may include compounds having one of the structural formula illustrated below: 
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.H alkyl group having carbon atom of 
five or less 

, wherein R is H, or hydrocarbons, or fluorocarbons. 
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; where 




, wherein R is H, or hydrocarbons, or fluorocarbons. 
[0020] Also according to the present invention, in the above-described organic light-emitting devices, the compound 
of imidazole family may include a compound having one of the structural formula illustrated below; 
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. H alkyl group having carbon atom 
of five or less 

. wherein R is H, or hydrocarbons, or fluorocarbons. 

[0021] Also according to the present invention, in the above-described organic light-emitting devices, the compound 
of oxadiazole family may include one or more compounds having the structural formula illustrated below: 
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•H alkyl group having carbon atom 
of five or less 

, wherein R is H, or hydrocarbons, or fluorocarbons, 
[0022] Still further, according to the present invention, in the above-described organic light-emitting devices, an or- 
ganic compound having two or more of aromatic tertiary amine units may be used for the hole transporting layer, an 
organic compound having two or more imidazole units may be used for the electron transporting layer, and said phos- 
phorescent molecule is doped into said host material of said electron transporting layer to be applied for the light 
emitting layer, 

[0023] According to each construction as described above, because the glass transition temperature of the organic 
material is 100 °C and above, the heat-resistance of the organic light- emitting device can be increased. 
[0024] According to the present invention, in the above-described organic light-emitting devices, there is a region 
where an emission spectrum of said host material overlaps with an absorption spectrum of said phosphorescent mol- 
ecule, which is a guest material. 

[0025] According to the present invention, in the above-described organic light-emitting devices, said host material 
itself may emit phosphorescence and there may be a region wherein a phosphorescence spectrum of the host material 
overlaps with a phosphorescence spectrum of the phosphorescent molecule as a guest material. 
[0026] According to the present invention, in the above-described organic light-emitting devices, there may be a 
region wherein a fluorescence spectrum of the host material overlaps with an absorption spectrum of the phosphores- 
cent molecule. 

[0027] With each configuration as described above : the excited state can easily transfer from the host material to 
the guest material by the overlap of the spectra to increase the light emission efficiency of the organic light-emitting 
devices. 

[0028] According to the present invention, in the above-described organic light-emitting devices, between the light 
emitting layer and a metal electrode may be inserted a layer of an electron transporting compound having a band-gap 
larger than that of the light emitting layer and an ionization potential at least 0.1 eV greater than that of the light emitting 
layer. 
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[0029] According to the present invention, in the above-described organic light-emitting device, the layer of the elec- 
tron transporting compound may comprise an electron transporting organic compound of fluorobenzene family, 
[0030] With the above-described configuration, it is possible to prevent the exciton from being absorbed into metal 
electrode from the light emitting layer and to prevent the hole injected into the light emitting layer from diffusing to the 
5 electron transporting layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] 

10 

Fig. 1 is a diagram for explaining the mechanism of phosphorescent emission when a phosphorescent molecule 
of iridium complex is used as a dopant. 

Fig. 2 is a cross-sectional view of an embodiment 1 of an organic light-emitting device of the present invention. 
Fig. 3 is the energy level diagram of the organic light-emitting device shown in Fig. 2. 
15 Fig. 4 is a cross-sectional view of a modification of embodiment 1 . 

Fig. 5 is a energy level diatram of the organic light-emitting device shown in Fig. 4. 

Fig. 6 is a cross-sectional view of a structure of an embodiment 2 of the organic light-emitting device of the present 
invention. 

Fig. 7 is an energy level diagram of the organic light-emitting device shown in Fig. 6. 
20 Fig. 8 is a cross-sectional view of amodification of embodiment 2. 

Fig. 9 is an energy level diagram of the organic light-emitting device shown in Fig. 8. 

Fig. 1 0 is a cross-sectional view of a working example of the organic light-emitting device corresponding to Fig. 4. 
Fig. 1 1 is a cross-sectional view of a working example of the organic light-emitting device corresponding to Fig. 4. 
Fig. 12 is a cross-sectional view of a comparison example corresponding to Figs. 1 0 and 11 . 
25 Fig. 1 3 is a diagram showing the ratio of the external quantum efficiency to the current density for the organic light- 

emitting devices shown in Figs. 10 and 12. 

Fig. 1 4 is a diagram showing the ratio of the external quantum efficiency to the current density for the organic light- 
emitting devices shown in Figs. 11 and 12, 

Fig. 15 is a diagram showing the ratio of the external quantum efficiency to the temperature of the device. 
30 Fig. 1 6 is a diagram showing a working example of corresponding to embodiment 2 shown in Fig. 6, 

Fig. 1 7 is a diagram showing a structure of a thin film for comparison of the heat-resistance of an organic thin film. 

Fig. 1 8 is a diagram showing results of heat-resistance tests of the thin films shown in Figs. 1 7(a) and (b). 

Fig. 19 is a diagram showing results of a he at- resistance test of the thin film shown in Fig. 17(c). 

Fig. 20 is a diagram showing a relationship between the current density and the external quantum efficiency for 
35 the organic light-emitting devices of an example 7. 

Fig. 21 is a diagram showing a relationship between the electric current density and the external quantum efficiency 

in an atmosphere of room temperature and 85 °C for the organic light-emitting devices of example 7. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

40 

[0032] Referring now to the accompanied drawings, the embodiments of the present invention (hereinafter referred 
to as "embodiments") will be described below. 

Embodiment 1 

45 

[0033] Fig. 2 shows a cross-sectional view of the structure of the organic light-emitting device of the present invention, 
in Fig. 2, a hole transporting layer 12 is formed on an anode 1 0 formed of ITO or the like, an electron transporting layer 
14 is formed on the hole transporting layer 12, and a cathode 16 is formed on the electron transporting layer 14. The 
hole transporting layer 12 and electron transporting layer 1 4 are formed by an organic compound and the organic light- 
so emitting device comprises a plurality of organic layers. 

[0034] In this embodiment, the hole transporting layer 12 is doped with a phosphorescent molecule and used as a 
light emitting layer. An organic material having the basic skeleton illustrated below is used as a host material in the 
organic layer constituting the hole transporting layer 12 used for the light emitting layer: 

55 
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R r"X R 4 x» o, N t s 

R 5 Y= C, N 

* wherein it may form ring structures between R1 and R2 and/or between R3 and R4 and/or between R2 and R3, 
or at least one of R 1 , R 4 and R 5 is a nitrogen or aromatic ring and is a compound connected to at least one more 
skeleton through said at least nitrogen or aromatic ring, or at least one of R 1 , R 4 and R 5 is a nitrogen or aromatic 
ring and is a compound connected to at least one more skeleton through said at least nitrogen or aromatic ring 
and alicyclic compound. 

[0035] The above-described host material has a glass transition temperature (Tg) of 1 00 °C and above and can be 
used in high temperature environments, such as applications within vehicles or the like. For materials such as the 
aforementioned CBP and the like, an organic thin film aggregates when heated over 60 °C and the surface of the thin 
film is roughened remarkably. On the other hand, because the glass transition temperature of the compound having 
20 the above-described basic skeleton (1) is 100 °C and above, it does not aggregate at temperatures of 100 °C and 
below if it is formed in a thin film, and smoothness of the thin film can be maintained. Therefore, the above-described 
host material can be used in high temperature environments, such as applications within vehicles or the like. 
[0036] Such a host material may include, for example, a compound of carbazole family. Examples of the compound 
of carbazole family are those having the structural formulae illustrated below: 

25 
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wherein R is H, or hydrocarbons, or fiuorocarbons. 
[0037] Of the above compound having structural formulae, (a1) is 4, 4\ 4Mris(carbazolyl)~thphenylamme (TCTA) 
which is an organic compound having an aromatic tertiary amine unit of two and above. This compound is commercially 
available from Syntec. 

[0038] (a3) is 2, 2-bis~(4~(4'-(N-carbazolyi) phenyl (or biphenyl or triphenyl)) adamantane. By the use of this com- 
pound as a host material, it is possible to increase the efficiency of emission and heat-resistance of the organic light- 
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emitting device 

[0039] (a4) is 1 , 3, 5-tris (4-(N-carbazolyl) phenyl) benzene (TCPB). A method for producing this compound is dis- 
closed in, for example, Japanese Patent Application Laid-open No. Hei 7-90256. Use of this TCPB as a host material 
contributes to increasing the heat-resistance and working life of the organic light-emitting device, 
5 [0040] A phosphorescent molecule added as dopant to the above-described hole transporting layer 1 2 may include, 
for example, ths(2-ph enylpyndine)iridium (1 1 1) f lr(ppy) 3 )and the (ike, provided that the phosphorescent molecule is not 
necessarily restricted to the above-illustrated Ir (ppy) 3 , as long as it emits phosphorescence, ir (ppy) 3 is also com- 
mercially available and easily obtained. 

[0041] As the electron transporting layer 14 can be used, for example, an organic compounds having imidazole unit 
10 of two and above. As the cathode 1 6 can be used, for example, a metal electrode of Mg-Ag alloy, Al-Li alloy, LiF/AI, Al 
and so on. It is, further, preferable to use as an electron injection layer an organic layer doped with alkaline fluoride, 
alkaline oxide or metal. It is preferable to insert as a hole injection layer CuPc, starburst amines, vanadium oxides and 
so on between the anode 10 and the hole transporting layer 12. 

[0042] Fig. 3 shows an energy level diagram of the organic light-emitting device of this embodiment shown in Fig. 
15 2. In Fig. 3, when a voltage is applied between the anode 10 (ITO electrode) and the cathode 16(metal electrode), 
electrons are injected from the electron transporting layer 14 constituted by the compound of imidazole family to the 
hole transporting layer 1 2 constituted by the compound of aromatic tertiary amine family to generate phosphorescence 
emission in the region doped with the phosphorescent molecule in the hole transporting layer 12 by the mechanism 
shown in Fig. 1. 

20 [0043] As shown in Fig. 3, a section of the hole transporting layer 12 is doped with the phosphorescent molecule. 
That is, there is an area on the side of the anode 10 of the hole transporting layer 12 with a thickness of about 10 nm 
which is not doped with the phosphorescent molecule. The thickness of the above-described doped layer is preferably 
50 nm or less, and more preferably 30 nm or less, from the interface of the hole transporting layer and the electron 
transporting layer 14. This is because an exciton in the triplet excited state has limitation in diffusion distance; the 

25 efficiency of light emission can not be further increased if the thickness of the doped layer exceeds 50 nm. 

[0044] Fig. 4 shows a modification of the organic light- emitting device of this embodiment. In Fig, 4, a second hole 
transporting layer 1 8 is placed between a first hole transporting layer 1 2 as a light emitting layer and the anode 1 0. As 
the second hole transporting layer 18 can be used, for example, 4, 4'-bis[N-(1 -naphthyl)-N-phenyl-amino]biphenyl, 
o-NPD). By adopting such a structure, adhesion of a-NPD to an ITO substrate can be greatly increased, and hole 

30 injection can be performed relatively easily because a work function of the ITO (5.0 eV) is close to the HOMO level of 
a-NPD (5.4 eV). Since, further, the hole mobility is large, the hole can be efficiently transported to the light emitting 
layer where it is re-combined with an electron efficiently to generate an exciton. 

[0045] As explained above : materials such as TPTE and the like belonging to aromatic tertiary amines can be used 
for the hole transporting layer 

35 [0046] Fig. 5 shows an energy level diagram of a modification shown in Fig. 4, In Fig. 5, if a voltage is applied between 
the anode 1 0 (ITO electrode) and the cathode 1 6 (metal electrode), an electron is injected from the electron transporting 
layer 1 4 constituted by a compound of imidazole family to the first hole transporting layer 1 2 formed from a compound 
of aromatic tertiary amine family and a hole is injected from the second hole transporting layer 16 to the first hole 
transporting layer 12 to generate phosphorescent emission by virtue of the phosphorescent molecule in the first hole 

40 transporting layer 12 by the mechanism shown in Fig. 1 as mentioned above. In this modification, the entire hole 
transporting layer 1 2 as a light emitting layer may be doped with the phosphorescent molecule. Therefore, the thickness 
of the first hole transporting layer 1 2 may be as thick as that of the doped layer shown in Fig. 3. 
[0047] In the organic light emitting device shown in Figs. 2 to 5 described above, the electron transporting layer 14 
is formed between the hole transporting layer 1 2 as a light emitting layer and the cathode 1 6. If , however, the electron 

45 transporting layer is composed of a material the band-gap of which is larger than that of the hole transporting layer 12 
(light emitting layer) and the ionization potential of which is larger than that of the light emitting layer by 0.1 eV, such 
as an organic compound of imidazole or fluorobenzene family (for example, C^F^) and the like, the emission efficiency 
can be further improved. This is possible because, as shown in Figs. 3 and 5, it is possible to prevent the triplet excited 
state in the hole transporting layer 12 doped with the phosphorescent molecule from being absorbed in the cathode 

so 1 6 by enlarging the band-gap of the electron transporting layer 1 4, and the hole injected in the hole transporting layer 
12 can be blocked so as not to flow into the hole transporting layer 14 by increasing the ionization potential of the 
electron transporting layer than that of the light emitting layer by 0.1 eV. 

[0048] Further, a preferable host material constituting the hole transporting layer 12 may be one which itself phos- 
phoresces. In such a case, if there is an overlap in peaks of the emission spectrum (phosphorescence spectrum) of 
55 the host material and the phosphorescence spectrum of the phosphorescent molecule which is a guest material added 
to the host material as a dopant, the energy of the excited state of the host material can be easily transferred to the 
guest material to increase further the emission efficiency. In particular, the overlap region of the above-described spectra 
is preferably 30% and above. For example, when the organic material having the above-described basic skeleton (1) 
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is used as a host material, the energy gap obtained from its optical absorption edge is usually 3.0 eV and above. When 
lr (ppy) 3 is used as the phosphorescent molecule, its phosphorescence spectrum has a main peak at 510 nm and a 
shoulder peak at 540 nm, that is, the spectrum ranges from 500 to 650 nm. Therefore, the phosphorescence spectrum 
of the organic material having the above-described basic skeleton (1 ) and that of lr (ppy) 3 overlap over a wide range. 
5 As such, the excited state can diffuse easily from the host material to the guest material to increase the emission 
efficiency. 

[0049] Further, the overlap of the peak of the above-described spectrum may be an overlap of the phosphorescence 
spectrum (absorption spectrum) of the host material and that of the guest material. This is possible because the excited 
state can easily shift when the spectrums overlap. In such a case, it is also preferable that the overlap in the above- 
to described spectrum be 30% or more. 

Embodiment 2 

[0050] Fig. 6 shows a cross-sectional view of a structure of embodiment 2 of the organic light-emitting device of the 
is present invention. In Fig. 6, structures of the anode 10 and the cathode 16 are the same as those of embodiment 1 
shown in Fig. 2. In this embodiment, however, the electron transporting layer 14 is doped with the phosphorescent 
molecule and such electron transporting layer 14 is used as a light emitting layer. In such a case, the host material 
constituting the electron transporting layer 1 4 which is an organic layer doped with the phosphorescent molecule is an 
electron transporting compound having the basic skeleton (1 ) similarly to embodiment 1 . The glass transition temper- 
20 ature (Tg) of this host material is also 1 00 °C or more. 

[0051] Examples of such compounds include compounds of the triazoie : imidazole, and oxadiazole families, and so 

on. 

[0052] The above-described triazole famiiy compound includes compounds having the structural formulae illustrated 
below: 

25 
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: where 




. H alkyl group having carbon atom 
five or less 

, wherein R is H s or hydrocarbons, or fiuorocarbons. 
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alkyl group having carbon atom of five 
or less 



, wherein R is H, or hydrocarbons, or fluorocarbons. 
[0053] The above-described imidazole family compound includes compounds having the structural formulae 
trated below: 
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. H alkyl group having carbon atom 
of five or less 

, wherein R is H, or hydrocarbons, or fluorocarbons, 
[0054] Each contains an imidazole unit of two or more. 

[0055] The above-described oxadiazole family compound includes compounds having the structural formulae il 
trated below: 
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: where 



10 



15 



45 



50 




-p -o -o* 

-H alkyl group having carbon atom 
of five or less 



, wherein R is H, or hydrocarbons, or fluorocarbons. 
[0056] As the hole transporting layer 12 can be used an organic compound having at least two aromatic tertiary 

20 amine units, similarly to embodiment 1. 

r0057] Fig 7 shows a diagram of energy level of embodiment 2 shown in Fig. 6. When a voltage is applied between 
the anode 1 0 and the cathode 1 6, a hole is injected from the hole transporting layer 1 2 formed from an aromatic tertiary 
compound to the electron transporting layer 14 to generate phosphorescence emission in the region doped with the 
phosphorescent molecule as dopant. In this embodiment, a compound of imidazole family is used as a host material 

25 constituting the organic layer of the electron transporting layer 14. 

[0058] Also in Fig. 7, similar to the case shown in Fig. 3, it is preferable that the thickness of the layer doped with 
the phosphorescent molecule be 50 nm or less, and more preferably 30 nm or less. 

r0059] Fig 8 shows a modification of the organic light-emitting device shown in Fig. 6. In the modification shown in 
Fig 8 a second electron transporting layer 20 is formed between the first electron transporting layer 1 4 constituting 
so the light emitting layer and the cathode 16. A diagram of energy level corresponding to this modification is shown in 
Fia 9 As shown in Fig. 9, the ionization potential of the second electron transporting layer 20 is larger than that of the 
first electron transporting layer 14 as a light emitting layer by 0.1 eV and the movement of the hole injected into the 
first electron transporting layer 1 4 as a light emitting layer toward the second electron transporting layer 20 is blocked 

as described in embodiment 1 . .,„«., «. 

35 rOOSOl Similar to embodiment 1 , the band-gap of the second electron transporting layer 20 is larger than the first 
electron transporting layer 1 4 and it is possible to prevent the excited state generated in the first electron transporting 
layer 1 4 from being absorbed in the metal electrode as the cathode 1 6. 

[0061] As the material for the above-described second electron transporting layer 20 can be used an organic com- 
pound of the imidazole or fluorobenzene family or the like. .... . 

40 r0062] Also, in this embodiment, the host material constituting the light emitting layer has the above-described basic 
skeleton (1) and there is an overlap region between the emission spectrum of the host material and the absorption 
spectrum of Ir (ppy) 3 , which is a guest material. Therefore, the excited state generated in the host material can be 
easily transferredto the phosphorescent molecule to obtain high emission efficiency. Similarto embodiment 1 , because 
there is an overlap region between the fluorescence spectrum of the host material and the absorption spectrum of the 
phosphorescent molecule of a guest material , the excited state generated in the host material can be easily transferred 
to the guest material to increase overall emission efficiency. In such a case, it is preferable that the overlap >* the 
phosphorescence spectra or overlap of the fluorescence spectrum and the phosphorescence spectrum be 30 /» or 
more 

[0063] Illustrative examples of each of the embodiments described above are described in the next section. 



EXAMPLES 
Example 1 



r00641 On a glass substrate was formed a 150 nm transparent electrode of iTO on which was deposited a 40nm 
a-NPD layer as a hole transporting layer by means of vacuum evaporation at the vacuum level of 3x10-7 Torr. The 
structure of the a-NPD is shown below: 
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[0065] On the above-described a-NPD layer was formed a 20 nm TCTA layer as described above as a host material 
which was then doped with 5.5 wt% of lr(ppy) 3 as a dopant. The structure of Ir (ppy) 3 is shown below: 
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[00661 Further an electron transporting organic compound of the fluorobenzene family, CsoF^fhereinafter referred 
to as Compound C) having the structural formula shown below was deposited in a 20 nm layer for blocking a hole so 
as not to move from a light emitting layer to the electron transporting layer 1 4 (hole blocking layer). 
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[0067] Further, Alq 3 having the structural formula shown below was deposited with thickness of 30 nm as the electron 
transporting layer on the hole blocking layer. 




[0068] Finally, LIF and Al were deposited in thicknesses of 0.5 nm and 1 50 nm, respectively, to thereby form a metal 
electrode This example 1 corresponds to a modification of embodiment 1 shown in Fig. 5. 

[0069] A device formed as described above was placed in a chamber which was evacuated to a high vacuum. After 
Durqinq thoroughly the inside of the chamber with nitrogen, an end of a seal glass was bonded by epoxy resin to the 
surf ace of the transparent electrode to seal. Thus, an organic light-emitting device was fabricated. A direct voltage was 
applied to the organic light-emitting device to drive continuously and the emission eff iciency was measured. As a result 
the maximum emission efficiency of 65.1 cd/A was obtained. In this case, the luminance was 71 6 cd/m* and the external 
quantum efficiency reached 1 8.0 % maximum after correction of angular distribution of emission at the dnvmg voltage 

[0070] V Further, as the hole blocking layer was used C 60 F 42 (hereinafter referred to as Compound B) having the struc- 
tural fomiula shown below which was an organic compound of an electron transporting fluorobenzene family instead 
of the above-described Compound C. A device on which was deposited 20 nm of the Compound B was formed. 
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[0071] A direct voltage was applied to the organic light-emitting device using the Compound B to drive continuously 
and the emission efficiency was measured. As a result, a maximum emission efficiency of 73.0 cd/A was obtained. In 
this case, the luminance was 401.3 cd/m* and the external quantum efficiency reached a maximum of 19.2% after 
correction of angular distribution of emission at the driving voltage of 3.52 V. 

[0072] A method for producing the above mentioned compounds B and C is disclosed in Y. Sakamoto, T. Suzuki, A. 
Miura, H. Fujikawa, S. Tokito, and Y. Taga, J. Am. Chem. Soc. 122, (2000) 1832. 

[0073] Across-sectional view of the structure of the above-described device of example 1 was shown in Fig. 1 0. Note 
that, whereas a glass substrate is used in Fig. 10, substrate material is not limited to glass, and plastics, ceramics, or 
the like may also be applicable. 



35 Example 2 
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1 150 nm on which was deposited a a-NPD 



[0074] On a glass substrate was formed a transparent electrode of ITO in 1 5( 
layer of 40 nm by means of vacuum evaporation at the vacuum level of 3x 1 0" 7 Torr. A layer of TCTA as a host material 
doped with 5 5 wt % of !r(ppy) 3 as a dopant was formed in 20 nm on this a-NPD layer similarly to example 1 . Further, 
50nmof2 2' 2"-(1 3 5-phenylene)tris[1-phenyl-1H-benzimidazoie], TPBI) having the structural formula shown below 
was deposited as a hole blocking layer for blocking a hole from moving out from the light emitting layer. A method for 
producing TPBI is disclosed in U. S. Patent 5,645,948 (Shi et al. Jul. 8, 1997). 
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[0075] Further, LiF and Al were deposited thereon in thicknesses of 0,5 nm and in 150 nm, respectively, to form a 
metal electrode, A cross-sectional view of the device of this example is shown in Fig. 11 . Note that, whereas a glass 
20 substrate is used in Fig. 11 , substrate material is not limited to glass : and plastics, ceramics, or the like may also be 
applicable. 

[0076] Similarly to example 1 , the device shown in Fig. 1 1 corresponds to a modification of embodiment 1 shown in 
Fig. 5. 

[0077] The device formed in the manner described above was placed in a chamber which was evacuated to a high 
25 vacuum. After thoroughly purging the inside of the chamber with nitrogen, an end of a seal glass was bonded by epoxy 
resin to the surface of the transparent electrode to seal. Thus, an organic light-emitting device was formed. A direct 
voltage was applied to the organic light-emitting device to drive continuously and the emission efficiency, luminance, 
externa! quantum efficiency and so on were measured. As a result, a maximum emission efficiency of 61 cd/A was 
obtained. The luminance was 1350 cd/m2 and the external quantum efficiency reached 1 6.0 % maximum after correc- 
30 tion of angular distribution of emission at the driving voltage of 4.9 V. Comparison Example 1 

[0078] On a glass substrate was formed a transparent electrode of ITO having a thickness of 150 nm on which was 
deposited by means of vacuum evaporation at the vacuum level of 3X1 0' 7 Torr, a 40 nm <x-NPD layer as a hole trans- 
porting layer. Thereon was deposited a light emitting layer of 20 nm using CBP as a host material doped with Ir (ppy) 3 
as dopant. The concentration of the dopant in this case was 7.5%. Then, on the light emitting layer was formed 1 0 nm 
35 layer of bathocuproine (BCP, commercially available) having the structural formula shown below as a hole blocking 
layer for blocking a hole injected into the light emitting layer from diffusing out. 
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so [0079] On the BCP layer was deposited 40 nm of Alq 3 as an electron transporting layer. Next, LiF and Al were 
deposited in thicknesses of 0.5 nm and in 150 nm, respectively, to form a metai electrode. A cross-sectional view of 
the organic light emitting device formed as described above is shown in Fig. 12. 

[0080] A direct voltage was applied to continuously drive the organic light-emitting device of comparison example 1 , 
and the emission efficiency was measured. As a result, a maximum emission efficiency of 30.1 cd/A was obtained in 
55 the region of low current density. After correction of angular distribution, the maximum external quantum efficiency was 
8 3% 

[0081] The ratio of the current density to the external quantum efficiency of the organic iight-emitting devices of 
example 1 and comparison example 1 are shown in Fig , 13. The ratio of the current density to the external quantum 
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efficiency of the organic light-emitting devices of example 2 and comparison example 1 are shown in Fig, 14. In each 
instance, it is evident that the external quantum efficiency of the devices of examples 1 and 2 of the present invention 
are drastically improved compared with that of the device of comparison example, 



Example 3 

[0082] The organic light-emitting device formed in the above-described example 2 was placed in a isothermal oven . 
The temperature inside the oven was elevated from room temperature in 10°C intervals. After maintaining each tem- 
perature for one hour, the emission efficiency was measured. As a result, more than 50 % of the emission efficiency 
at room temperature was maintained, even at 100 °C. 



Comparison Example 2 

[0083] The organic light-emitting device shown in comparison example 1 was placed in a isothermal oven and the 
emission efficiency was measured in such a manner as described in the above-described example 3. As a result, even 
at a temperature of 80 °C, the emission efficiency was already lowered to approximately 20% of that at room temper- 
ature. 

[0084] The results obtained by example 3 and comparison example 2 are shown in Fig. 15. 



Example 4 

[0085] While TPBI. a compound of the imidazole family, was used as the hole blocking layer in example 2 as described 
above, a compound of the tirazole family may be used instead because the compound of imidazole or tirazole family 
is deep in its HOMO level and shallow in its LUMO level, Therefore, the hole and exciton can be efficiently blocked 
when it is used as the electron transporting layer 



Example 5 

[0086] On a glass substrate was formed a transparent electrode of ITO of 1 50 nm on which was deposited a a-NPD 
layer of 40 nm by means of vacuum evaporation at the vacuum level of 3x 1 0" 7 Torr to form a hole transporting layer. 
Further, a layer of TCBI as a host material doped with 7.5 wt % of Ir (ppy) 3 as dopant was formed to a thickness of 20 
nm on the hole transporting layer to thereby form a light emitting layer. Then, on the light emitting layer was deposited 
a 50 nm TPBI layer. Finally, LiF and Al were deposited thereon in thickness of 0.5 nm and 150 nm, respectively, to 
form a metal electrode. Across-sectional view of the device thus formed is shown in Fig. 16. The device was placed 
in a chamber which was evacuated to a high vacuum. After thoroughly purging the inside of the chamber with nitrogen, 
an end of a seal glass was bonded by epoxy resin to the surface of the transparent electrode to seal. The organic light- 
emitting device of this example shown in Fig. 16 corresponds to the organic light-emitting device of embodiment 2 
shown in Fig. 6. 

[0087] A direct voltage was applied to the organic light-emitting device formed in such a manner as described above 
to drive continuously and the emission efficiency was measured. As a result, the external quantum efficiency after 
correction of angular distribution was 7%. While it was at the same level as that of the above-described comparison 
example 1 , the organic light-emitting device formed in this example had improved heat-resistance and could maintain 
high emission efficiency at temperatures of 100 °C and above. 



Example 6 

[0088] On a glass substrate was deposited an organic thin film having a combination shown in Figs. 17(a), 17(b) 
and 17(c), separately. Heat-resistance was compared for each organic thin film obtained. The thin film shown in Fig. 
1 7(a) was formed by depositing ITO on a glass substrate and then depositing a-NPD on the ITO with thickness of 40 
nm. The thin film shown in Fig. 17(b) was formed by depositing ITO on a glass substrate, then depositing a-NPD on 
the ITO with thickness of 40 nm, and finally depositing, commercially available CBP, on the a-NPD with thickness of 
20 nm, similarly to Fig. 17(a). The thin film shown in Fig. 17(c) was formed by depositing ITO on a glass substrate, 
then depositing a-NPD on the ITO with thickness of 40 nm, and finally depositing TCTA on the a-NPD with thickness 
of 20 nm. 

[0089] Morphology of thesurfaceof each organicthinfilmformed in such amanneras described above wasobserved 
by atomic force microscopy (tapping mode)in a state where the temperature of each organic thin film was maintained 
at room temperature (25 °C). Thereafter, each organic thin film was placed in an oven, maintained at a temperature 
of 54 °C or 74 °C for one hour and cooled to room temperature. Then, morphology of the surfaces was observed by 
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atomic force microscopy, 

[0090] In the case of Fig. 1 7(a) in which only a-NPD was deposited on ITO, the average surface roughness minimized 
diminished as the temperature of the organic thin film increased, in the case of Fig, 17(b) in which CBPwas deposited 
on the a-NPD, the surface morphology changed drastically and the surface roughness enlarged in the order of more 

5 than singlet figures at temperatures of 60 °C and above when the temperature of the organic thin film was increased. 
A state that the organic thin film aggregated was clearly observed. These results are shown in Fig. 18. In Fig. 18, an 
abscissa axis indicates the temperature of the organic thin film and an ordinate axis indicates the average surface 
roughness of the organic thin film. The results of Fig. 17(a) and Fig. 17(b) are shown by black squares and black 
triangles, respectively. It is evident, in particular, that the average surface roughness changes drastically at tempera- 

10 tures of 60 °C and above in the case of Fig. 1 7(b). 

[0091] On the other hand, in the case shown in Fig. 1 7(c) in which TCTA was deposited on the a-NPD, although the 
average surface roughness did not entirely change when the temperature of the organic thin film was increased up to 
75 °C : the surface morphology was maintained in its initial state. The result is shown in Fig. 19. 

15 Example 7 

[0092] On a glass substrate was formed a transparent electrode of ITO with a thickness of 150 nm on which was 
deposited a a-NPD layer to a thickness of 40 nm by means of vacuum evaporation at a vacuum level of 5x1 0~ 7 Torr 
(6.65 X1 O* 5 Pa) to form a hole transporting layer. On the hole transporting layer was formed a layer having a thickness 

20 of 20 nm comprising 2, 2-bis (4^(4'-(N-carbazolyl) biphenyl) adamantan (AdBPCz having two phenyl groups, the afore- 
mentioned compound (a 3)) as the host material doped with 7 wt% of ir (ppy) 3 as dopant, to thereby obtain a light 
emitting layer. On the light emitting layer was deposited a TPBI layer as a hole blocking layer with a thickness of 20 
nm. Then Alq 3 as an electron transporting layer with a thickness of 30 nm was deposited. Thereon were deposited LiF 
with a thickness of 0.5 nm and Al with a thickness of 150 nm to form a metal electrode. 

25 [0093] The device formed in the manner described above was placed in a high vacuumed chamber. After thoroughly 
purging the inside of the chamber with nitrogen of 1 atm, an end of a seal glass was bonded to the surface of the 
transparent electrode to seal with ultraviolet curing resin. 

[0094] Fig. 20 shows a relationship between the current density and the external quantum efficiency in the case 
where (2, 2-bis (4-(N-carbazolyl) phenyl) adamantane, AdPCz) having one phenyl group and (2, 2-bis (4-(4'-(N-carba- 

30 zolyl) biphenyl) adamantane, AdBPCz) having two phenyl groups which were belonged to the afore-mentioned com- 
pound (a 3) were used as the host material, respectively. As shown in Fig. 20, when AdBPCz was used and measure- 
ments were made, the external quantum efficiency reached a maximum of 8%. The external quantum efficiency of the 
organic light emitting device which was made by using AdPCz as the host material and the other materials as is the 
case with AdBPCz reached a maximum of 6%. 

35 [0095] Fig. 21 shows results of measurements in an atmosphere at a room temperature and 85 °C for the organic 
light emitting device which was made by the use of the above-described AdBPCz. As shown in Fig. 21 , the external 
quantum efficiency of the device measured after the device was left for three hours in an atmosphere at 85 °C and 
measurement was made in such an atmosphere was little different from that measured at a room temperature, because 
the host material used has heat-resistance. Taking into consideration the fact that the external quantum efficiency 

40 lowered drastically at 85 °C when CBP was used for the host material, it is evident that 2, 2-bis(4-(4'-(N-carbazotyt) 
biphenyl)adamantane is excellent in heat-resistance. 

[0096] The above-described 2, 2-bis (4-{N-carbazolyl) phenyl) adamantane was synthesized through the procedure 
described below. 

[0097] 1 .0 g(1 .85 millimoi)of 2, 2-(4-lodophenyl)adamantane, 3.10 g(1 8. 5 millimoQof carbazole, 2.6 g(18.8 millimol) 
45 of K 2 C0 3 , 2.3 g (36.2 millimol) of copper powder, 0.8g(5.58 millimoi)of CuBr and 1 5g of decahydronaphthalene(Decalin, 
trade name) were mixed and stirred at 180 °C in an atmosphere of nitrogen for 20 hours. After cooling the reaction 
solution was added 50 ml of CHCl 3 and filtered. The filtrate obtained was concentrated and residue was purified by 
the use of silica gel column (CHCI 3 : hexane =1 :2). Solid obtained was recrystaiiized from CHCI 3 to obtain 176.5 mg 
of 2, 2-bis (4-(N-carbazolyl) phenyl) adamantane as light yellow powder. 
so [0098] The structure of this material was identified by an infrared spectrophotometer (IR) and a nuclear magnetic 
resonance (NMR). Data for IR and NMR were shown below. 

[0099] IR (KBR): 3040, 2900, 2850. 1620, 1600, 1510, 1450, 1330, 1310, 1225, 745, 720 cm^ 

[0100] NMR (CDCI 3 ); 8.13(d, 4H), 7.71 (d. 4H), 7.51(d, 4H), 7.46(d, 4H), 7.40(t, 4H), 7,27(t, 4H), 3.42(8, 2H), 2. 20 

(d, 4H), 1.88(dd, 8H) 

55 [0101] The structural formula of this 2, 2-bis (4-(N-carbazolyl) phenyl) adamantane was as illustrated below; 
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[0102] The above-described 2, 2-bis (4-(4'-(N-carbazoiyl) biphenyl) adamantane were synthesized by procedures 
(1) and (2) described below, 

20 

(1) Synthesis of 4-(N-carbazolyi) phenyl borate 

[0103] 2.0 g(5.42 mil!imol)of N-(4-lodophenyl)carbazole were added into mixed solution of 5 ml of THF and 5 ml of 
diethyl ether and cooled to -90 °C in an atmosphere of nitrogen. Into the solution were added dropwise 3.8 mi (5.7 

25 rnillimot) of 1.5M n-BuLi solution (n-hexane). Then, stirring was accomplished at temperatures of -90 °C and below 
and were added slowly dropwise 0.01 ml(5.44 millimol)of trimethoxy borate. After stirring at a temperature of no more 
than -90 °C for 20 minutes, stirring was performed for one hour at room temperature. Thereafter 3 ml of water and 20 
m! of 2N aqueous solution of NaOH were added to separate the aqueous phase. Then, the organic phase was extracted 
twice with 20 ml of 2N aqueous solution of NaOH and the aqueous phases obtained were combined. The aqueous 

30 phases were neutralized with 1 N aqueous solution of H 2 S0 4 and the precipitate was filtered and rinsed. The precipitate 
was dissolved in 75 ml of CHCI 3 and the solution was concentrated after drying with Na 2 S0 4 . The precipitate was 
recrystallized from 50 ml of toluene to obtain 1 .07 g of 4-(N-carbazoiy!) phenyl borate as white powder. 
[0104] The structure of this material was identified by an infrared spectrophotometer (IR) and a nuclear magnetic 
resonance (NMR). Data for IR and NMR were shown below. 

35 [0105] IR (KBR): 3380, 3280, 3060, 1605, 1450, 1410, 1375, 1345, 1330 ; 1305 : 1220, 1170, 745, 720 ; 690 cnrr* 
[0106] NMR (CDCI 3 ): 8.33(s, 2H), 8.31 (d, 2H), 8.1 5(d, 2H), 7.66(d, 2H), 7.50(t, 2H), 7.48(d, 2H), 7.36(t, 2H) 
[0107] The structural formula of this 4-(N-carbazolyl)phenyl borate was as illustrated below; 
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so (2) Synthesis of 2,2-bis (4-(4 , -(N-carbazoiyl)biphenyl)adamantan 

[0108] 1 .0 g(3.48 millimo!)of 4-(N-carbazoiyl)pheny! borate, 627 mg (1.16 millimo!) of 2,2-bis (4-lodophenyl) ada- 
mantane, 26 mg (0.116 miliimoi) of Pd(OAc) 2 , 106 mg(0.348 millimol)of tri(o-toluyi)phosphine, 558 mg(5.26 miliimol) 
of Na2C0 3 , 11 ml of 1 ,2 -dimethoxy ethane and 2 ml of water were mixed and stirred at 100 °C in an atmosphere of 
55 nitrogen for 15 hours. After cooling, to the reaction solution was added 15 ml of water and extracted with CHCI 3 . The 
CHCI 3 phase was washed with saturated salt solution and dried with Na 2 S0 4 and, then the solution was concentrated. 
The residue was purified by the use of silica gel column (CHCI 3 : hexane =1 :2 to 1 :3) to obtain 234.4 mg of 2, 2-bis 
(4-(4 ! -(N-carbazoly!) bisphenyl) adamantane as light yellow powder. 
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[0109] The structure of this material was identified by an infrared spectrophotometer (IR) and a nuclear magnetic 
resonance (NMR). Data for IR and NMR were shown below. 

r0110] IR(KBRV 3050, 2905, 2860, 1620, 1600, 1520,1500, 1480, 1455, 1370, 1335, 1315, 1230, 810, 750, 720 cnV 
[0111] NMR (CDCI 3 ): 8.15(d, 4H), 7.77(d, 4H), 7.61 (s, 8H), 7.59(d, 4H), 7.47-7.40(m, 8H), 7.29(t, 4H), 3.39(s, 2H), 
2.16(d,4H), 1.91-1. 79(m,8H) 

[0112] The structural formula of this 2,2-bis (4-(4'-(N-carbazolyl) bisphenyl) adamantan was as illustrated below; 




Example 8 

[0113] On a glass substrate was formed a transparent electrode of ITO with thickness of 150 nm on which was 
deposited a a-NPD layer of 40 nm by means of vacuum evaporation at the vacuum level of 5x1 0" 7 Torr to form a hole 
transporting layer. On the hole transporting layer was formed a layer having thickness of 20 nm comprising 1, 3, 
5-tris-[4-(N-carbazolyl)phenyl]ben Z ene (TCPB, the afore-mentioned compound (a4)) having a glass trans.tion temper- 
ature (Tg)of 1 72 °C as the host material doped with 7 wt% of lr(ppy) 3 as dopant to obtain a light emitting layer. On the 
light emitting layer thus obtained was deposited a TPBI layer as a hole blocking layer with a thickness of 20 nm, and 
then was deposited Alq 3 as an electron transporting layer with a thickness of 30 nm. Thereon were deposited LiF with 
a thickness of 0.5 nm and Al with a thickness of 1 50 nm to form a metal electrode. 

[0114] The device formed as described above was placed in a vacuum chamber which was evacuated to 1 x10" 
Torr. After thoroughly purging the inside of the chamber with nitrogen of 1 atm, an end of a seal glass was bonded by 
ultraviolet curing resin to the surface of the transparent electrode to seal. 

[0115] A direct vottage was applied to the organic light-emitting device to drive continuously and the emission effi- 
ciency was measured. As a result, the maximum external quantum efficiency was 12%. When the initial luminance 
was 1 500 cd/m2 the half life in luminance of this device was 300 hours. This result was longer than that obtained by 
usinq CBP as a host material. Further, when the initial luminance was 1 ,500 cd/m*, the half life in luminance of this 
device was 250 hours in an atmosphere of 85 °C. Compared with the factthatthe half life in luminance in an atmosphere 
of 85 °C in the case of using CBP was less than half of that at room temperature, it was evident that the device of 
example 8 was high in durability at high temperatures. 

[0116] In an organic light-emitting device, either a hole transporting layer or an electron transporting layer comprises 
a light emitting layer doped with phosphorescent molecule and a host material constituting the hole transporting layer 
or electron transporting layer has the properties emitting phosphorescence having spectra which overlap with spectra 
of the phosphorescent molecule and a glass transition temperature of 1 00 °C and above. Therefore, the dev.ce exh .bits 
superior phosphorescence emission efficiency and heat-resistance. 



Claims 



1 An organic light-emitting device emitting phosphorescence comprising a plurality of organic layers, wherein an 
organic material constituting at least one of said organic layers has a structural formula illustrated below; 
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X=r 0, N, S 
Y= C, N 



* wherein it may form ring structures between R1 and R2 and/or between R3 and R4 and/or between R2 and 
R3, or at least one of R 1t R 4 and R 5 is a nitrogen or aromatic ring and is a compound connected to at least 
one more skeleton through said at least nitrogen or aromatic ring, or at least one of R 1 , R 4 and R 5 is a nitrogen 
or aromatic ring and is a compound connected to at least one more skeleton through said at least nitrogen or 
aromatic ring and alicyclic compound, 

and has a glass transition temperature of 1 00 °C or above. 

The organic light-emitting device as described in claim 1 , wherein said organic layers comprise a hole transporting 
layer and an electron transporting layer, and a phosphorescent molecule is doped into a host material of either 
said hole transporting layer or said electron transporting layer to be applied for a light emitting layer. 

The organic light-emitting device as described in claim 2, wherein a host material constituting said hole transporting 
layer is a compound of carbazole family. 

The organic light-emitting device as described in claim 3, wherein said compound of carbazole family includes a 
compound having the structural formulae illustrated below, 
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, wherein R is H, or hydrocarbons, or fiuorocarbons. 

The organic light-emitting device as described in claim 2, wherein an organic compound having two or more of 
aromatic tertiary amine units is used for said hole transporting layer and an organic compound having two or more 
of imidazole units is used for said electron transporting layer, and the phosphorescent molecule is doped into said 
host material of said hole transporting layer to be applied for the light emitting layer. 
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6. The organic light-emitting device as described in claim 5, wherein said phosphorescent molecule is not doped into 
said host material of an area on the side of an anode of said hole transporting layer. 

7. The organic light-emitting device as described in claim 6, wherein the thickness of the area not doped with said 
5 phosphorescent molecuie in said hole transporting layer is at least 10 nm from an anode and a thickness of the 

layer doped with said phosphorescent molecule in said hole transporting layer is not more than 50 nm from an 
interface between said hole transporting layer and said electron transporting layer. 

8. The organic light-emitting device as described in claim 2, wherein a host material constituting said electron trans- 
10 porting layer is one selected from the group consisting of a compound of triazole family, a compound of imidazole 

family, and a compound of oxadiazole family. 

9. The organic light-emitting device described in claim 8, wherein said compound of triazole family includes com- 
pounds having the structural formula: 

15 

J L )rH 

R R \=*N M=H 
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,where 




„H alkyl group having carbon atom of 
five or less 

, wherein R is H, or hydrocarbons, or fluorocarbons. 




32 



EP 1 202 608 A2 




, where 




, H alkyl group having carbon atom of five 
or less 

, wherein R is H, or hydrocarbons, or fluorocarbons. 

10. The organic tight-emitting device as described in claim 8, wherein said compound of imidazole family includes 
compounds having the structural formula: 
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,where 
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. H alkyl group having carbon atom 
of five or less 

, wherein R is H, or hydrocarbons, or fluorocarbons. 

The organic light-emitting device as described in claim 8, wherein said compound of oxadiazole family includes 
compounds having the structural formula; 



R 
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, wherein R is H, or hydrocarbons, or fluorocarbons. 

12 The organic light-emitting device as described in claim 2, wherein an organic compound having two or more of 
aromatic tertiary amine units is used for said hole transporting layer, an organic compound having two or more of 
imidazole units is used for said electron transporting layer, and said phosphorescent molecule is doped into said 
host material of said electron transporting layer to be applied for the light emitting layer. 

13 The organic light-emitting device as described in any one of claims 2 to 12, wherein there is a region where an 
emission spectrum of said host material overlaps with an absorption spectrum of said phosphorescent molecule, 
which is a guest material. 

14 The organic light-emitting device as described in any one of claims from 2 to 12, wherein said host material itself 
emits phosphorescence and there is a region where a phosphorescence spectrum of said host material overlaps 
a phosphorescence spectrum of said phosphorescent molecule as a guest material. 

15 The organic light-emitting device as described in any one of claims from 2 to 12, wherein there is a region where 
a fluorescence spectrum of said host material overlaps an absorption spectrum of said phosphorescent molecule. 

1 6 The organic light-emitting device as described in any one of claims from 2 to 1 5, wherein between said light emitting 
layer and a metal electrode is inserted a layer of an electron transporting compound having band-gap larger than 
that of said light emitting layer and an ionization potential at least 0.1 eV greater than that of said light emitting layer. 

17. The organic light-emitting device as described in claim 1 6, wherein said layer of electron transporting compound 
comprises an organic electron transporting compound of fluorobenzene family. 



36 



EP 1 202 608 A2 



SINGLET 25% 

STATE 

TRIPLET 75% 
STATE 


SINGLET STATE 

100% 
* -j_r TRIPLET 

1 STATE 
PHOSPHORESCENCE 


GROUND STATE 


♦ 


HOST MATERIAL 


lr(ppy) 3 



Fig.1 



12 



CATHODE 



ELECTRON 
TRANSPORTING 
LAYER 



^TRANSPORTING-^ Y 




ANODE 



-16 
-14 

DOPING 

^-10 



Fig. 2 



37 



EP 1 202 608 A2 



ITO 



5.0eV 



HOLE TRANSPORTING 
LAYER 12 

/ ELECTRON 

S TRANSPORTING LAYER 14 



PHOSPHGK- 
RESCENC5-: 

emitting::- 

MOLECULE;: 

AROMATIC 
TERTIARY yl< 

amine 




METAL ELECTRODE 



4.3eV 



Fig. 3 



CATHODE 



ELECTRON 
TRANSPORTING 
LAYER 

^^$^pt?^:::< 




SECOND HOLE 
TRANSPORTING LAYER 

ANODE 



} 



-16 
-14 

DOPING 

-18 

10 



r 



Fig. 4 



38 



EP 1 202 608 A2 



SECOND HOLE 
TRANSPORTING LAYER 18 

/ FIRST HOLE TRANSPORTING 
S LAYER 12 ELECTRON 

TRANSPORTING LAYER 14 



a-NPD 



IT( L. 
5.0eV 



AI&M'AHC 

TSRWH-Y 

mm 



IMIDAZOLE 



METAL ELECTRODE 
4.3eV 



Fig. 5 



14 



CATHODE 




HOLE 
TRANSPORTING 
LAYER 

ANODE 



16 



^ DOPING 



12 



10 



Fig. 6 



39 



EP 1 202 608 A2 



ITO 



5.0eV 



HOLE TRANSPORTING 

LAYER 12 

/ ELECTRON 

\ TRANSPORTING LAYER 14 



AROMATIC 
TERTIARY 
AMINE 



1 



• # • 
• • * 

• « » 



/IMIDAZOLE 



• « 
« • 



METAL ELECTRODE 



4.3eV 



Fig. 7 



CATHODE 



SECOND ELECTRON 
TRANSPORTING 
LAYER 




HOLE 

TRANSPORTING LAYER 
ANODE 



16 
20 



j. DOPING 



12 



Y 



10 



Fig. 8 



40 



EP 1 202 608 A2 



ITO_ 
5.0eV 



HOLE TRANSPORTING 
LAYER 12 

/ FIRST ELECTRON TRANSPORTING 
\ LAYER 14 SECOND ELECTRON 

/ TRANSPORTING LAYER 20 



AROMATIC 
TERTIARY 
AMINE 



IMlM&S.E 



IMIDAZOLE 



METAL ELECTRODE 
4.3eV 



Fig. 9 



Al(150nm) 
LiF(0.5nm) 
Alq3(30nm) 

' COMPOUND BAND 
COMPOUND C (20nm) 
TCTA+lr(ppy)3(20nm) 



a-NPD(40nm) 



ITO(150nm) 



GLASS SUBSTRATE 



Fig. 10 



EP 1 202 608 A2 





Al(150nm) 




LiF(0.5nm) 


TPBI(50nm) 


TCTA+lr(ppy) 3 (20nm) 


a-NPD(40nm) 


ITO(150nm) 


GLASS SUBSTRATE 



Fig. 11 





Al(150nm) 




LiF(0.5nm) 


Alq 3 (40nm) 


BCP(10nm) 


CBP+lr(ppy) 3 (20nm) 


a-NPD(40nm) 


ITO(150nm) 


GLASS SUBSTRATE 



Fig. 12 



EP 1 202 608 A2 



5 

Z 

Uj cs- 



20 



II 



10 



■ COMPARISON EXAMPLE 1 

• EXAMPLE 1 (COMPOUND C USED) 

A EXAMPLE 1 (COMPOUND B USED) 



i I i i t i i 1 1 



0.1 1 10 100 

CURRENT DENSITY (mA/cm2) 



Fig. 13 



>- 

o 

u. ^ 
&Q 

P ui 
t oc 

|8 

it 

UJ 



20 
15 
10 



* * * * * * 
* * * * 



• COMPARISON EXAMPLE 1 

* EXAMPLE 2 



* 4 



0.1 1 10 100 

CURRENT DENSITY (mA/cm2) 



Fig. 14 



43 



EP 1 202 608 A2 



< 




TEMPERATURE (°C) 

Fig. 15 





Al(150nm) 




LiF(0.5nm) 


TPBI(50nm) 


TPBI+lr(ppy) 3 {20nm) 


a-NPD(40nm) 


rro(i50niTi) 


GLASS SUBSTRATE 



Fig. 16 







CBP(20nm) 






a-NPD(40nm) 




a-NPD(40nm) 






rro 




ITO 




GLASS SUBSTRATE 


GLASS SUBSTRATE 


(a) 




(b) 



Fig. 17 



TCTA(20nm} 



a-NPD(40nm) 



ITO 



GLASS SUBSTRATE 
(C) 



44 



EP 1 202 608 A2 




3 



20 



40 60 
TEMPERATURE (°C) 

Fig, 18 



£ 100 




40 60 
TEMPERATURE (°C) 



80 



Fig. 19 



45 



EP 1 202 608 A2 



i 

UJ 

o 
E 



< 
o 



DC 
UJ 

S 



g 

UJ 

O 
It 

LU 



3 
O 



0C 
UJ 




0.01 0.1 



100 1000 



CURRENT DENSITY (mA/cm*) 

Fig. 20 




0.01 



CURRENT DENSITY (mA/cmZ) 



Fig. 21 



46 



